ADDITIONAL INDEX WORDS. cluster analysis, dichotomous key, flowering dogwood, genetic variability, molecular markers ABSTRACT. Flowering dogwood (Cornus florida L.) is an important tree of forests and urban landscapes in the eastern United States. Amplified fragment length polymorphism (AFLP) markers were generated from genomic DNA of 17 cultivars and lines, and four duplicate samples of selective cultivars. Specific markers were identified for all except the following two lines and cultivar: MW94-67, MW95-12, and 'Plena'. A dichotomous cultivar identification key was constructed based on AFLP data, and specific peaks or combinations of peaks were identified for all cultivars and lines. The key was assessed with seven anonymous (unlabeled) dogwood samples, and all unknowns except one were identified using the dichotomous key. Two of the unknown samples, 'Cherokee Chief ' and 'Cherokee Brave', were difficult to distinguish using the AFLP markers. Intracultivar variation, up to 36% dissimilarity, was observed between duplicate samples of the same cultivar from different trees, suggesting that some mislabeling of trees had occurred at the nursery. The cultivar-specific AFLP markers can be used in breeding applications, patent protection, and in future projects, such as mapping the C. florida genome.
Flowering dogwood is an important tree of forests and urban landscapes in the eastern United States. This native tree blooms early in the spring as new leaves unfold. The inflorescence consists of petallike subtending bracts of red, pink, or white surrounding a cluster of 20 or more tiny true flowers that are yellow or white (Witte et al., 2000) . Dogwood is an attractive tree in all seasons and has become a widely used landscape tree. Although flowering dogwood is a native tree and many wild trees exist, the popularity of this tree has led to the development of many cultivars. New cultivars are either developed from mutations or sports of other cultivars, or from the selection of wild dogwood trees for various horticultural traits (Witte et al., 2000) . Cultivated lines of dogwoods are propagated from axillary buds, which are grafted onto rootstocks that are produced from wild (native) seed collections (Dirr, 1998) . This propagation technique produces cultivars or lines of purportedly identical trees with specific, desirable phenotypic traits. Cultivated selections have been developed for large bracts; double bracts; red, pink, or white bracts; variegated leaves; various growth habits; and disease resistance. There are currently more than 80 cultivars of flowering dogwood (Witte et al., 2000) and many are described and illustrated in Cappiello and Shadow (2005) . Because many cultivars are very similar in appearance, there is a need for a method of identification that is based on genotype rather than solely on phenotypic characteristics. Molecular markers can be very useful in cultivar identification or in determination of parentage of sexually propagated species. This is particularly important for proprietary plants, because molecular markers can be used in patent applications and subsequently for protection of the patented cultivars against infringement (Saunders et al., 2001; Weising et al., 1995) . Currently, one of the most popular DNA fingerprinting techniques is amplified fragment length polymorphism (AFLP) (Vos et al., 1995) . Amplified fragment length polymorphisms are widely used because they can be generated without prior knowledge of an organism's genome and are generally reproducible within and between laboratories (Amador et al., 2001; Saunders et al., 2001; Savelkoul et al., 1999; Vos and Kuiper, 1997) .
In this study, AFLPs were generated to assess the genetic variability between selected cultivars and lines of Cornus florida and to construct a dichotomous key using specific molecular markers to distinguish some of the more popular cultivars and breeding lines from one another.
Materials and Methods
Emerging leaves from 17 flowering dogwood cultivars and lines were collected early in the morning to reduce interfering compounds such as phenols and carbohydrates, and were immediately frozen at -80°C. Leaves from two different trees of four cultivars were collected from different locations, providing duplicate samples for these cultivars (Table 1) . Genomic DNA was isolated from dogwood leaves from each cultivar, including each tree of the duplicated samples, according to directions provided for the Qiagen DNeasy Plant DNA isolation kit (Qiagen, Valencia, Calif.) . DNA was isolated twice from both trees representing 'Cherokee Sunset', 'Cherokee Chief ', 'Cherokee Brave', and 'Cloud 9', and AFLPs generated using the DNA from the independent isolations.
The AFLP method used in this study was a modification of the original protocol described by Vos et al. (1995) . Sequences of adaptors and primers were those described by Amador et al. (2001) . Genomic DNA was digested with Eco RI and Mse I restriction enzymes, and a preselective amplification using primer combination Eco + A and Mse + C was performed. Selective amplifications were completed with 12 nonfluorescent Eco + ANN and Mse + CNN (N = A, T, G, or C) primer combinations. Fluorescent labeling of amplicons was accomplished using the protocol described by Habera et al. (2004) , which involved an additional amplification step that labels selective amplicons with a Proligo WellRED fluorescent Eco + A primer (Sigma-Aldrich, St. Louis). This polymerase chain reaction did not amplify any new products, but simply labeled all amplicons from the selective reactions.
Labeled fragments were visualized using a BeckmanCoulter CEQ 8000 Genetic Analysis System (Beckman-Coulter, Fullerton, Calif.). An electropherogram, based on fragment size, was produced for each sample. A 600-bp size standard from Beckman was included in each sample well. The Frag-4 CEQ standard program was slightly modified by increasing separation time from 60 to 75 min, which produced fingerprints with well-spaced fragments. All data were reported as binary (1, peak present; 0, peak absent) and were manually compared with the original electropherograms to verify presence or absence of peaks. Manual corrections were conservative so that analyses were not based on weak peaks or peaks that may have been background noise, generally less than 15,000 relative fluorescent units (Saunders et al., 2001) . Peaks that were observed in only one cultivar were noted and used as markers that uniquely identified individual dogwood cultivars or lines.
Verified binary data from 12 primer pairs were analyzed using NTSYSpc (version 2.02g; Exeter Software, Setauket, N.Y.) to estimate the genetic distance or similarity between all the samples. A cluster analysis was performed using the unweighted pair group cluster analysis using arithmetic means method with the Jaccard coefficient and was visualized with a genetic distance tree. Bootstrap values were calculated for the genetic distance tree with Phylogenetic Analysis Using Parsimony (version 4.0b10 for 32-bit Microsoft Windows; Sinauer, Associates, Sunderland, Mass.).
A dichotomous cultivar identification key was constructed using the verified AFLP binary data. The cultivars were separated first into two groups based on presence or absence of a peak with primer combination 5.3 (Table 2 ). The two groups were then subdivided further by identifying another peak that separated each group. This process continued until each cultivar was uniquely identified on the key. Amplified fragment length polymorphism markers from six primer combinations (Table 2) were used to create the key to make it more practical and functional. Peaks or markers that were unique to individual cultivars were included as identity confirmations. Seven anonymous (known only to R.N. Trigiano) samples of C. florida cultivars were analyzed to test the validity of the dichotomous cultivar identification key. Unknowns were analyzed with the six selective primer combinations used to construct the dichotomous cultivar identification key.
Results
A total of 204 AFLP fingerprints were produced using 12 primer combinations, and almost all loci were polymorphic. During manual verification of binary data from the electropherograms, several peaks were noted that were unique to individual cultivars (Fig. 1) ; however, unique markers could not be described for all cultivars included in the study (Table 3) . A similarity index (Table 4) was calculated, and a cluster analysis was performed and visualized with a tree of genetic similarity (Fig. 2) , which revealed unexpected differences between the duplicate samples. 'Cherokee Daybreak' duplicate samples were 93% similar to each other and 'Cloud 9' samples were 88% similar to each other. Furthermore, the similarity index between each of these duplicate samples and other cultivars is about the same. However, 'Cherokee Chief' and 'Cherokee Sunset' duplicate samples were only 68% and 64% similar respectively and showed large variation between each individual and other cultivars (Table 4) . Most nodes on the cladogram were not well supported (<50) by bootstrap values.
A dichotomous key for cultivar identification (Fig. 3 ) was constructed using the corrected binary data from six primer combinations. The key was tested with seven anonymous C. florida samples and six were identified correctly. 'Cherokee Brave' and 'Cherokee Chief' samples were difficult to distinguish using the AFLP markers and the key.
Discussion
Flowering dogwood is a natural obligate outcrossing species and therefore high genetic variation in wild populations is expected (Witte et al., 2000) , leading to individuals in natural populations that are highly heterozygous. Many of cultivated lines of dogwoods are selected from these heterozygous wild populations, and thus individual cultivars differ genetically when compared with other cultivars. This is reflected in the similarity index-the average value is about 0.75. 'Cherokee Sunset' and 'Cherokee Brave' were developed from seedlings obtained from 'Cherokee Chief' (unknown male) and were expected to have more similar values (closer to 1.00) to the parent. However, the male parents for these two cultivars were unknown and the calculated genetic distances were similar to other nonrelated individuals within the study.
In many plants, the phenotypic similarity of different cultivars requires an accurate method of identification that is not based on general morphological and horticultural characteristics. DNA fingerprinting methods can be used to distinguish closely related individuals, such as different cultivars, from one another. Although the AFLP fingerprints and unique markers used in this study of C. florida were applied to identify correctly most of the unknown samples, there appears to be some genetic variability (about 10%) between individual plants of some cultivars. This variability would be unexpected for clonally propagated cultivars. Assuming that the individuals used as standards were not mislabeled, these results may also indicate some inherent variations in the AFLP technique when used for determining genetic similarity of individual trees. The level of diversity illustrated between some duplicate trees in this study could be considered noise incited by stochastic variation in DNA fragments among the samples. Despite some differences in the overall AFLP profiles for different trees of cultivars, the unique AFLP markers used for identifying cultivars were consistently present in both trees of the same cultivar.
Mislabeling of cultivars is a common occurrence in the nursery industry. For example, 'Rubra', a generic pink-to-red blooming dogwood, could be sold as either 'Cherokee Chief 'or 'Cherokee Brave' or some other red-bracted flowering dogwood. Furthermore, the cultivars Barton and Cloud 9 were revealed to be the same cultivar using molecular markers, although they had been sold as two distinctly different cultivars for many years (Windham and Trigiano, 1998) . In this case, the two cultivars have similar-appearing inflorescences and could be easily confused. Another example involves C. kousa Hance cultivars. 'Rosabella' has been sold as a red-bracted cultivar, but has also been sold as a different cultivar, Miss Satomi (Dirr, 1998) ; and C. kousa 'Heart Throb' was shown to have significant genetic similarity to both 'Rosabella' and 'Miss Satomi'. These findings suggested that either 'Rosabella' may have been sold under three different names or, if the three cultivars are different, they may have been founded from very closely related seedlings, which were selected to have very similar phenotypic characteristics (Trigiano et al., 2004) .
A possible explanation of the apparent variation among the different samples of 'Cherokee Sunset' and 'Cherokee Chief' in this study is mislabeling of the original samples (Trigiano et al., 2004; Windham and Trigiano, 1998) . In most cases, the trees used in the study were juvenile (not blooming) and leaves from many of these cultivars are virtually indistinguishable. The similarity data indicate that in both cases, two very different genotypes were included as samples of the same cultivar. Mislabeling is not only a problem in the nursery industry, but may have created a problem in this project, because our cultivar standards used for AFLP analyses were used to identify other unknown samples. However, this does not explain the apparent Primer combination numbers correspond to numbers provided in Table 2 . AB, 'Appalachian Blush'; AM, 'Appalachian Mist'; AS, 'Appalachian Spring'; ASN, 'Appalachian Snow'; CB, 'Cherokee Brave'; CCA, 'Cherokee Chief 'duplicate tree A; CCB, 'Cherokee Chief ' duplicate tree B; CDA, 'Cherokee Daybreak' duplicate tree A; CDB, 'Cherokee Daybreak' duplicate tree B; CP, 'Cherokee Princess'; CSA, 'Cherokee Sunset' duplicate tree A; CSB, 'Cherokee Sunset' duplicate tree B; C9A, 'Cloud 9' duplicate tree A; C9B, 'Cloud 9' duplicate tree B; FC, 'Fragrant Cloud'; MWA, MWB, MWC, MWD, MWE, and PL, 'Plena'. differences between the two 'Cherokee Sunset' samples, because the leaves of this cultivar are yellow variegated and very distinctive from almost all other cultivars, especially those included in this study. This degree of variation was unexpected because dogwood cultivars are exclusively propagated asexually via bud grafting or rooted cuttings. Genomic DNA was isolated twice from each tree of 'Cherokee Sunset' and 'Cherokee Chief'. Amplified fragment length polymorphisms were generated from the independent DNA isolations and each time failed to provide similar results for the duplicate samples for each of the cultivars. However, AFLP profiles from independent DNA isolations from the same tree of each cultivar were consistent with each other. In contrast, individual trees of 'Cherokee Daybreak', which has distinctive white-variegated leaves, showed little variation. Additional study will be necessary to resolve the disparity between individual trees of 'Cherokee Sunset'. There is a need for a method of identifying C. florida cultivars based on genotype rather than phenotypic characteristics, which are often similar among cultivars. The dichotomous cultivar identification key was constructed using informative AFLP markers that could be used to identify most C. florida cultivars within this inclusion group. This cultivar identification key could be useful to breeders, nurserymen, and researchers for patent protection; identification of desirable traits; and identification of unknown cultivars in this inclusion group. When tested with seven anonymous dogwood samples, the key was used to identify six samples successfully. One unknown was unidentifiable using the key-a 'Cherokee Brave' sample. When compared with the 'Cherokee Brave' sample used to create the key, the fingerprint was very different. It is suspected that the original 'Cherokee Brave' sample used to construct the keys may have been mislabeled, because both of the unknown 'Cherokee Brave' samples used to test the key were authentic (from the original block of plants at Commercial Nursery, Inc., Decherd, Tenn.). Additionally, 'Cherokee Brave' and 'Cherokee Chief' samples were difficult to distinguish using only the AFLP markers and the key.
AFLP is a powerful and reproducible technique for many applications in genetics, and has a distinct advantage in recording and computer manipulation of large databases. However, it can have some limitations, especially in identification of very closely related cultivars. For example, a study of poinsettia (Euphorbia pulcherrima Willdenow ex Klotzsch) revealed that AFLP markers were unable to distinguish individual series (Parks and Moyer, 2004) . In other similar studies, AFLP markers were unable to differentiate cultivars of olive trees (Olea europea L.) (Belaj et al., 2004) , and pistachio (Pistacia vera L.) and pomegranate (Punica granatum L.) lines could not be distinguished from each other by AFLP using 16 different primer combinations (R.N. Trigiano, unpublished) . Furthermore, a study of azalea (Rhododendron simsii Planch) and Phalaenopsis concluded that the AFLP technique was limited in the ability to distinguish bud sports from original cultivars (DeRiek et al., 2001) . In many plant species, different cultivars are sports of other cultivars, resulting from a single or few gene mutations (Witte et al., 2000) . However, 'Cherokee Brave' supposedly originated from a seedling of 'Cherokee Chief ' (Cappiello and Shadow, 2005) , and the two cultivars are difficult to distinguish with the AFLPs generated in this study. A simple sequence repeat study (X. Wang, R.N. Trigiano, and M.T. Windham, unpublished) of many flowering dogwood cultivars also failed to differentiate these cultivars, but DNA amplification fingerprinting (Trigiano and CaetanoAnollés, 1998) , another arbitrarily primed DNA profiling method, identified unique amplification products for both 'Cherokee Chief ' and 'Cherokee Brave' (Trigiano et al., 2003) .
In conclusion, AFLP markers provide useful information to identify most flowering dogwood accessions. However, care must be taken to obtain authentic samples, and more than one sample of a cultivar or line should be included in the study. For the flowering dogwood cultivars that are not well discriminated by AFLPs, the base information generated by this technique may need to be augmented with data from other fingerprinting techniques, especially for distinguishing individuals from small groups of very closely related cultivars.
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